Kinematics & stellar populations of nearby bulges by Falcon Barroso, Jesus
Falcon Barroso, Jesus (2003) Kinematics & stellar 
populations of nearby bulges. PhD thesis, University of 
Nottingham. 
Access from the University of Nottingham repository: 
http://eprints.nottingham.ac.uk/10016/1/thesis.pdf
Copyright and reuse: 
The Nottingham ePrints service makes this work by researchers of the University of 
Nottingham available open access under the following conditions.
· Copyright and all moral rights to the version of the paper presented here belong to 
the individual author(s) and/or other copyright owners.
· To the extent reasonable and practicable the material made available in Nottingham 
ePrints has been checked for eligibility before being made available.
· Copies of full items can be used for personal research or study, educational, or not-
for-profit purposes without prior permission or charge provided that the authors, title 
and full bibliographic details are credited, a hyperlink and/or URL is given for the 
original metadata page and the content is not changed in any way.
· Quotations or similar reproductions must be sufficiently acknowledged.
Please see our full end user licence at: 
http://eprints.nottingham.ac.uk/end_user_agreement.pdf 
A note on versions: 
The version presented here may differ from the published version or from the version of 
record. If you wish to cite this item you are advised to consult the publisher’s version. Please 
see the repository url above for details on accessing the published version and note that 
access may require a subscription.
For more information, please contact eprints@nottingham.ac.uk
       	


	               	
 
























































  ÓWÍÏÎvÓMËAâqÚæã2ßÓMÓMàÍ¾ãâqÚæÓMÑ¾ÓË^Í}ÝÞÓMÙBÑ¾äqÚæÓMÝ¤ÓMË^ÍÏÑnãBå!ËqÓÙ@ÚVöÌÊ& üÙ[ÍÏÚæÐØâqÛÒÓÍWïbüÙ@õZÔGüÙBõ(' ó Ô
î]ÙBÑ¾ß¶ÎqÓËï=îÙBõùówÙBËqà*)RÙB×·ËqÓÑ¾ÐØävÝ ï)R×
















 :<; Å>=?; ÅÄ
@ ACBEDGFIHKJML/NDIOPHEB Q
ð·ô÷ð õÎqÓQàqÓêqËqÐÒÍ¾ÐØã·Ë.ãBåÙSR çväqÛØ×·ÓTR ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ñ
ð·ô ß îGÚ¾ã·âSÓMÚVÍÏÐÒÓMÑ!ãBå]çqäqÛØ×BÓMÑCU ôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ð·ð
ð·ô ß2ô÷ð )Rã·Ú¾âvÎqã·ÛØãB×Bè ôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ð·ð
ð·ô ß2ô ß 6~ÐÒËqÓMÝÞÙ@Í¾ÐØßMÑ ôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ð7ß
ð·ô ß2ô þ ﬂKÍÏÓÛØÛáÙ@Úî]ã·âväqÛáÙ@Í¾ÐØã·ËvÑôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ðò
ð·ô ß2ô ò ﬂ2ßÙBÛÒÐØËq×&!ÓMÛØÙ@ÍÏÐÒã·ËqÑô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ð7ý
ð·ô þ øã·Ú¾ÝÞÙ@Í¾ÐØã·ËWÍ¾ÎqÓMãBÚ¾ÐØÓÑå ã·Ú!çqäqÛÒ×·ÓMÑ ôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ðGV
ð·ô ò ìgäqÛÒ×·ÓMÑùÙ@Í!ÎvÐØ×·Î2ö Ú¾ÓàqÑ¾ÎqÐ÷å Í ôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ß
ð·ôXW õÎqÓQËqÓMÓàFå ãBÚÊÌËÍ¾ÓM×·Ú¾ÙBÛeøÐÒÓMÛØàYﬂKâdÓßÍÏÚæã·Ñ¾ßã·â^èôQôQôQôQôQôôQôôQôQôôQôô ß
ð·ô[Z 1ÐÒÝÞÑã@å]Í¾ÎqÐØÑÍ¾ÎqÓMÑæÐØÑ ôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ß·ß
ð·ô ý -ävÍÏÛÒÐØËqÓãBå]Í¾ÎqÓ~õÎqÓMÑæÐØÑ ôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ßBþ
ð·ô ý2ô÷ð -ÖBÓMÚVÖ2ÐÒÓÕ ôQôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ßBþ
ð·ô ý2ô ß ügÎÙBâvÍ¾ÓMÚ¾ÑùßMãBËÍ¾ÓMË^Íô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ßBþ
\ ]^OB5H_Fa`	b5Oc0dKOB/egfh`	DGONciH_jk@gQmlKn	oplrqNYq+L/sPtEegc \Eu
ß2ô÷ð ÊÌË^ÍÏÚæã2àqävßÍÏÐÒã·Ë ôôQôôQôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ß·ý
ß2ô ß -çqÑ¾ÓÚæÖ@Ù@Í¾ÐØã·ËqÑùív8ZÙ@Í¶Ù&!ÓMàqäqßëÍÏÐÒã·Ë ôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ßV
ß2ô ß2ô÷ð ﬂvÙBÝ¤âqÛØÓŁôQôôQôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ßV
ß2ô ß2ô ß -ZçvÑ¾ÓMÚVÖ@Ù@ÍÏÐÒã·ËqÑ ôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ßBñ
ß2ô ß2ô þ 8ZÙ@Í¶Ù&!ÓMàqäqßëÍÏÐÒã·Ë ôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ßBñ
Zß2ô þ 8ZÙ@ÍÏÙ¤Ù@ËÙBÛÒèKÑæÐØÑ ôQôôQôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô þ^ß
ß2ô þvô÷ð ﬂKÍÏÓÛØÛáÙ@Úõ]ÓÝÞâvÛáÙ@Í¾ÓMÑ#ô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô þ^ß
ß2ô þvô ß ﬂﬂvîÉÝ¤ã2àvÓMÛOÍ¾ÓMÝ¤âqÛáÙ@Í¾ÓMÑôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô þ^ß
ß2ô þvô þ #0éKÍ¾ÚÏÙBßëÍÏÐØãBËRãBåÍÏÎvÓQÜÐÒËqÓMÝÞÙ@ÍÏÐÒßMÑRôôQôôQôQôQôQôQôôQôôQôQôôQôô þBò
ß2ô þvô ò ﬂ2ÓMÛÒÓMßÍ¾ÐØã·ËãBåÍÏÎvÓQçSÓMÑVÍ!êqÍ¾Í¾ÐØËq×ŁÍÏÓÝÞâvÛáÙ@Í¾Ó ôQôQôQôôQôôQôQôôQôô þW
ß2ô þvôXW #:ÚæÚ¾ã·ÚæÑùíwﬂ2ÐØÝnäqÛáÙ@Í¾ÐØã·ËvÑ ôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô þ·ñ
ß2ô þvô[Z )RÓÙBÑæäqÚ¾ÓÝÞÓË^ÍãBåÍÏÎvÓnüÙ@õ ' ÐØËvàqÓëéôôQôQôQôQôQôôQôôQôQôôQôô òqð
ß2ô þvô ý #0éKÍ¾ÓMÚ¾ËqÙBÛeßMã·Ý¤âÙBÚæÐØÑ¾ãBËqÑnôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô òß
ß2ô ò &!ÓMÑ¾ävÛÒÍÏÑôôQôQôôQôôQôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô òß
ß2ô òqô÷ð :ÓMÛØãKßMÐ÷ÍÌè%âqÚæãBêÛÒÓMÑôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ò·ò
ß2ô òqô ß :ÓMÛØãKßMÐ÷ÍÌè%àqÐÒÑ¾âSÓMÚæÑ¾ÐØãBËFâvÚ¾ãBêÛÒÓMÑôQôôQôôQôQôQôQôQôôQôôQôQôôQôô òý
ß2ô òqô þ kÐØ×BÎ2öÌã·ÚæàqÓMÚùû~ÙBäqÑæÑVöxkÓMÚæÝÞÐ÷ÍÏÓÍ¾ÓMÚæÝÞÑ ôQôQôQôQôQôôQôôQôQôôQôô W
ß2ôXW ügã·ËqßÛØäqÑæÐØã·ËvÑ ôôQôôQôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô W2ð
y z0LMsPt_egciH{B|DG}/e~/L/B/J/`f>e BEDG`s4s`B5eH_j$`Fso3reŁS`s`	bKOegc E\
þvô÷ð ÊÌË^ÍÏÚæã2àqävßÍÏÐÒã·Ë ôôQôôQôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô WBþ
þvô ß -çqÑ¾ÓÚæÖ@Ù@Í¾ÐØã·ËqÑùív8ZÙ@Í¶Ù&!ÓMàqäqßëÍÏÐÒã·Ë ôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô WZ
þvô ß2ô÷ð -ZçvÑ¾ÓMÚVÖ@Ù@ÍÏÐÒã·ËqÑ ôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô WZ
þvô ß2ô ß ﬂ2âdÓßÍ¾Ú¾ã·ÑæßMã·âqÐÒßQîÙBÚ¾ÙBÝÞÓëÍÏÓÚ¾Ñ ôQôôQôôQôQôQôQôQôôQôôQôQôôQôô WZ
þvô ß2ô þ î:ÎvãBÍÏã·Ý¤ÓÍ¾Ú¾ÐÒß~îÙBÚ¾ÙBÝÞÓëÍÏÓÚ¾Ñ ôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô Z
þvô ß2ô ò î:ÚæÓMÑæÓMË^Í¶Ù@Í¾ÐØã·ËFãBåÍÏÎqÓk8ZÙ@ÍÏÙﬂôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô Zvð
þvô þ ìgäqÛÒ×·ÓMÑ!ã·Ë.Í¾ÎqÓQø ävËqàÙBÝ¤ÓMË^Í¶Ù@ÛIîGÛáÙBËqÓ ôQôôQôôQôQôQôQôQôôQôôQôQôôQôô Z^ß
þvô þvô÷ð #:ÚæÚ¾ã·Ú$8ÓëÍÏÓMÚæÝÞÐÒËÙ@Í¾ÐØã·Ë ôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô Z·þ
þvô þvô ß õÎqÓﬃ~öÌçÙBËvàRøäqËvàÙBÝ¤ÓMË^Í¶ÙBÛeîGÛØÙBËqÓ}ôôQôQôQôQôQôôQôôQôQôôQôô ZBò
þvô þvô þ õÎqÓﬃﬀRöÌìÙBËqàFøäqËqàqÙBÝÞÓË^Í¶ÙBÛIîGÛØÙBËqÓ ôQôQôQôQôQôôQôôQôQôôQôô Z^ý
þvô ò õÎqÓﬃ)R× öwÛØã·×ï, ó&!ÓMÛáÙ4ÍÏÐØãBË ôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ý
þvôXW 8ÐØÑæßMäqÑæÑ¾ÐÒã·ËﬀôQôôQôôQôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ý·ß
ýþvôXW2ô÷ð 1ËÙBÛ÷èKÑ¾ÐØÑã@åÍÏÎvÓ&!ÓMÑæÐØàqäqÙBÛØÑ`ôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ý@ò
þvôXW2ô ß -!dÑ¾ÓëÍÏÑ!Õ!ÐÒÍ¾ÎFÚæÓMÑæâdÓßÍùÍÏã}ÓMÛÒÛØÐØâ2ÍÏÐØßMÙBÛØÑ ôQôQôQôQôQôôQôôQôQôôQôô ý·ý







FegsP`	DIOPHEB|OBqMLMsPt_e cH_j7e`FsoDpret_`sP`	b5OPe c _n
òqô÷ð ÊÌË^ÍÏÚæã2àqävßÍÏÐÒã·Ë ôôQôôQôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô Vvð
òqô ß -çqÑ¾ÓÚæÖ@Ù@Í¾ÐØã·ËqÑùív8ZÙ@Í¶Ù01ËqÙBÛÒèKÑ¾ÐÒÑAôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô V^ß
òqô ß2ô÷ð -ZçvÑ¾ÓMÚVÖ@Ù@ÍÏÐÒã·ËqÑ ôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô V^ß
òqô ß2ô ß 6~ÐÒËqÓMÝÞÙ@Í¾ÐØßMÑ ôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô V·þ
òqô ß2ô þ )RÓÙBÑæäqÚ¾ÓÝÞÓË^ÍãBåÍÏÎvÓIÐÒËqÓkﬂKÍÏÚæÓMËq×@ÍÏÎ[ôQôQôQôQôQôôQôôQôQôôQôô V·þ
òqô ß2ô ò ﬂ2âdÓßÍ¾Ú¾ã·âqÎvãBÍÏã·Ý¤ÓÍ¾Ú¾ÐÒßZßMã·ÚæÚ¾ÓMßëÍÏÐÒã·ËqÑ ôôQôQôQôQôQôôQôôQôQôôQôô VW
òqô þ õÎqÓQÐØËqàvÓëéWöwÛÒã·× ïP,eó|Ú¾ÓÛáÙ@Í¾ÐØã·ËvÑ ôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô V^ý
òqô þvô÷ð ügã·ÝÞâqÙBÚ¾ÐÒÑ¾ã·Ë.Õ!ÐÒÍ¾ÎRü4#wú7^ß@ç ôQôôQôôQôQôQôQôQôôQôôQôQôôQôô V·ñ
òqô ò 8ÐØÑæßMäqÑæÑ¾ÐÒã·ËﬀôQôôQôôQôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ñ^ß
òqô òqô÷ð üÙ¤äqËvàqÓMÚ¾ÙBçqäqËqàqÙBËqßMÓnôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ñ^ß
òqô òqô ß úkã·Ë2öﬂ2ã·ÛØÙBÚ41çväqËqàÙBËvßMÓ&kÙ@Í¾ÐØã·Ñ ôQôôQôQôQôQôQôôQôôQôQôôQôô ñ·þ
òqô òqô þ Ê)[ø¡Ö@ÙBÚæÐáÙ@Í¾ÐØã·ËvÑ ôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ñ·þ
òqô òqô ò ügã·ÝÞâSã·ÑæÐÒÍÏÓZÑVÍÏÓÛØÛáÙ@ÚâdãBâqäqÛáÙ4ÍÏÐØãBËqÑ ôQôôQôQôQôQôQôôQôôQôQôôQôô ñBò
òqô òqôXW üÙ8ÓâqÛØÓëÍÏÐØãBË ôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ñBò
 ﬃ}5ejH_Ffh`	DGOHEB|H_jlKn>tE`s`	bKOegc DI}5e%N`c¡e%H_j3¢"Ł¤£y_y_\ QEu
W2ô÷ð ÊÌË^ÍÏÚæã2àqävßÍÏÐÒã·Ë ôôQôôQôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ñ^ý
W2ô ß -çqÑ¾ÓÚæÖ@Ù@Í¾ÐØã·ËqÑùív8ZÙ@Í¶Ù&!ÓMàqäqßëÍÏÐÒã·Ë ôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ñ·ñ
W2ô ß2ô÷ð ¥ ¦¨§K©kª¬« ãBçqÑ¾ÓÚæÖ@Ù@ÍÏÐÒã·ËqÑﬂôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô ñ·ñ
W2ô ß2ô ß ¥ ¦¨§K©kª¬« àqÙ@Í¶ÙŁÚ¾ÓàqäqßëÍÏÐØãBË ôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô+ð
W2ô ß2ô þ ﬂ2õÊﬂFã·çvÑ¾ÓMÚVÖ@Ù@ÍÏÐÒã·ËqÑ!í­8ZÙ@ÍÏÙ`Ú¾ÓàqäqßÍ¾ÐØã·Ë ôQôQôQôôQôôQôQôôQôô+ð
W2ô ß2ô ò ﬂ2õí ×·Ú¾ãBäqËqà2ö çÙBÑ¾ÓàRÐÒÝWÙ@×·ÐØËq× ôQôôQôQôQôQôQôôQôôQôQôôQôô+ðvð
W2ô þ îGÎqãBÍ¾ã·ÝÞÓëÍÏÚæÐØß 1ËqÙBÛÒèKÑ¾ÐÒÑôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô+ðvð
VW2ô ò ﬂKÍ¾ÓMÛØÛØÙBÚ6ZÐØËvÓMÝÞÙ@ÍÏÐÒßMÑ ôQôôQô~ôôQôôQôQôôQôôQôQôQôQôQôôQôôQôQôôQôô+ð·þ
W2ô òqô÷ð )RÓÙBÑæäqÚ¾ÓÝÞÓË^ÍãBå]ÓMÝ¤ÐØÑæÑ¾ÐÒã·Ë2ö å ÚæÓMÓZÑVÍÏÓMÛÒÛáÙBÚgÜKÐÒËqÓMÝÞÙ@Í¾ÐØßMÑ ôQôQôôQôô+ðBò
W2ô òqô ß 1v6®8~ü#í ÙŁßMÓËÍ¾ÚÏÙBÛIàvÐØÑ¾ÜWÐØËFúûQü ý@þ·þ^ß ôQôQôôQôôQôQôôQôô+ðW






























 ¹ Ç»º Å>=ﬂÆ ¼
%; ÅÆ½:¿¾ À ÈÉÅÂÁM:<;
ÃÄGÃ ÅÇÆ%È É%È3ÊË"Ì¡ÍµÌCÎÏË ÎÐÒÑ ÓÔ"Õ"ÖC×ÈÓ
û~ÙBÛáÙ7évÐÒÓMÑ:ÙBÑ:Õ|ÓÜËqã½Õ;ÍÏÎvÓMÝÍÏãKàÙèŁÎÙÖ·ÓkçdÓÓMË%àvÐØÑ¾ßã½Ö·ÓMÚæÓMà.Ù~ÛØãBËq×QÍ¾ÐØÝ¤Ó!ÙB×·ãqô+#0Ö2ÐÒàqÓMËvßMÓ
å ã·Ú:Ñæäqß¶ÎWã·ç¯æÓMßÍ¾Ñgßã·ÝÞÓÑGå Ú¾ã·Ý Í¾ÎqÓkû~ÚæÓMÓÜKÑ:Õ!ÎqãÛØãKã·ÜBÓàWÙ@Í:ãBäqÚ:ã7Õ!Ë¨)RÐØÛÒÜ^èﬃ Ù½èBÔKÕ!ÎvÐØß¶Î

















)[Ù@Ëè(ãBÍ¾ÎqÓMÚ¤×^ÙBÛØÙBßÍ¾ÐØßßMÛØÙBÑ¾ÑæÐÒêßMÙ@ÍÏÐÒã·Ë(Ñæß¶ÎqÓMÝ¤ÓMÑ%ÙBÚ¾ã·ÑæÓÙBÑÞÚ¾ÓëêËqÓMÝ¤ÓMË^Í¾ÑWå Ú¾ã·Ý ùäqçqçqÛÒÓR Ñ





































































































ÐÒË±Í¾ÎqÓ[ÓMÙBÚ¾Û÷è+ð½ñ R Ñ}ç^è(ÙBËÙBÛ÷è2ÑæÐØËq× ÙBÑVè2Ý¤Ý¤ÓÍÏÚæÐØÓÑ¤ÐÒË±Í¾ÎqÓFÛØÐØËvÓFâvÚ¾ãBêÛÒÓMÑ}ÐØË±Ñ¾âSÓMßëÍÏÚ¾ÙãBå
)[þ2ðÙBËqà¤ÍÏÎqÓ3ﬂ2ã·ÝnçqÚ¾ÓÚ¾ãQ×^ÙBÛáÙ7é2èïåﬂ2ÛÒÐØâqÎqÓÚ!ð½ñvðòðT ã·Û÷å0ð½ñ2ðòóëÔ·Í¾ÎqÓ!êÚ¾ÑVÍgÐÒËqàqÐØßMÙ@ÍÏÐÒã·ËŁÍÏÎÙ4Í












































ÙBâvâÙBÚ¾ÓË^ÍÏÛÒè%Ëqã·Ú¾ÝÞÙBÛdÑ¾âqÐÒÚÏÙBÛÒÑÑ¾Îqã½Õ ÙŁçÙBÚå ÓMÙ@ÍÏävÚ¾Ó~ÐØË.ÍÏÎvÓQËvÓÙBÚtöÌÊ& Í¾ÎÙ@ÍÕgÙBÑ!ËqãBÍ!ÖKÐØÑ¾ÐÒçqÛØÓ
ÐÒË`ÍÏÎqÓÐØÚ0ã·â2ÍÏÐØßMÙBÛvÐÒÝWÙ@×·ÓMÑ!ï5ý/å%Ô6ZËÙBâSÓMËOÔ	ﬂKÎqÛØã·ÑæÝWÙ@ËŁíîÓMÛØÓëÍÏÐÒÓMÚ:ß^óëôìÙBÚæÑ:ÙBÚ¾ÓÓMÙBÑ¾ÐÒÛÒè
àqÓëÍÏÓßÍÏÓà¡âqÎqãBÍ¾ã·ÝÞÓëÍÏÚæÐØßÙ@ÛØÛÒèBÔeÓBô ×qôÐÒË å=ÙBßÓëöÌãBËÑ¾âqÐÒÚÏÙBÛw×^ÙBÛØÙ4é2ÐØÓÑMÔÎvã7Õ|ÓÖBÓMÚ`Í¾ÎqÓ%Ñ¾Ð÷ÍÏäÙ4ÍÏÐØãBË
Õ|ã·Ú¾ÑæÓMËqÑÙBÑÕgÓQÛØãKã·ÜÞÙ@ÍùÝÞãBÚ¾ÓZÓMàv×·Óëö ã·ËÑæèKÑæÍ¾ÓMÝ¤ÑMô·1 ÛØÙBÚ¾×·Ókå ÚÏÙBßëÍÏÐØãBËFã@åÓàq×·Óëö ã·Ëﬂ	}ÙBËqà
ÑæâqÐØÚ¾ÙBÛI×^ÙBÛØÙ4é2ÐØÓMÑ!ÑæÎqã½Õ çdãéKèFã·Ú!âdÓMÙBËävÍæö Ñ¾ÎÙ@âdÓà[çqäqÛÒ×·ÓMÑô6ZäqÐ ¯æÜ@ÓMËRíÇ)RÓMÚæÚ¾Ð÷êÓMÛÒàïtð½ñ·ñW·ó
àqÐÒÑ¾ßã7ÖBÓMÚæÓMà.ÙBË}äqËvÓCïäqÐÒÖBã2ßMÙBÛ Ñ¾âSÓMßëÍÏÚ¾ãBÑ¾ßMãBâqÐØßùÑ¾ÐÒ×·ËÙ@Í¾äqÚ¾ÓÍ¾ÎÙ@ÍwßÙBË¤ÐØàvÓMË^ÍÏÐ÷å è`çÙBÚæÑ:ã·Ë}ÓMàq×·Ó ö
ã·ËAÑVèKÑæÍÏÓÝÞÑôõÎqÓèÝWÙBàvÓWäqÑæÓMàAãBåÍ¾ÎqÓªæ(æGìpäåæâëdçEßpçæGípäÝªè®GÚê ï=îµ 8~ó~Í¾ãÛØãKã·Ü
å ã·Ú~Ù%àvã·äqçqÛÒÓëöÌâSÓÙ@ÜBÓMà>/-®ﬂg 8 Õ!ÐÒÍ¾ÎDÙ%ß¶ÎÙBÚÏÙ@ßÍÏÓÚ¾ÐÒÑæÍÏÐÒßSR éMÚègß¨æôßpÛÚîgäR:ï Ñ¾ÓMÓ¤øÐÒ×qôð·ô ßBó
Ö@ÙBÚæÐáÙ@Í¾ÐØã·Ë}Õ!ÐÒÍ¾Î%ÚÏÙBàvÐØäqÑô&ùÓßMÓËÍgÕgã·ÚæÜÑÎÙÖ·ÓÓ é2Í¾ÓMËqàvÓMà.ÍÏÎqÐÒÑ|ÍÌèKâSÓãBåÙBËÙ@ÛÒèKÑ¾ÐÒÑwÍ¾ã`ÛáÙBÚæ×·ÓMÚ





















Ê ÍÎÙ@Ñ.çdÓÓMË+å ã·äqËqà+Í¾ÎÙ@ÍÙBÚæã·äqËqà ßå ãBåQ×·ÐØÙBË^ÍS# ×·ÙBÛáÙ4é2ÐÒÓMÑ%Ó évÎvÐØçqÐ÷Í%ÜÐØËqÓÝWÙ4ÍÏÐØßMÙBÛØÛ÷è
àqÓßMã·ävâqÛØÓà`ßMã·ÚæÓMÑgï6®8~üóëÔ7ã·ÚeÓëÖ·ÓMËŁßã·äqË^ÍÏÓÚVö Ú¾ãBÍÏÙ@ÍÏÐÒËq×kßã·Ú¾ÓÑï=øÚÏÙBË2éí;ÊÌÛÒÛØÐÒËq×BÕ|ã·ÚæÍ¾ÎŁð½ñVV	ð
kÙBäð½ñ·ñV^óëô+kã½ÕgÓëÖ·ÓÚÍÏÎqÐÒÑwâvÐØßÍ¾äqÚ¾ÓkßÙBËWÙBÛØÑæãçSÓÓ éKÍÏÓMËvàqÓMà%Í¾ãnçqäqÛÒ×·ÓMÑÔKÕ!ÎvÓMÚ¾ÓkÓëévÙBÝ¤âqÛØÓÑ
ãBå ßã·äqË^ÍÏÓÚVö Ú¾ãBÍÏÙ@ÍÏÐÒËq×çqävÛØ×·ÓÑ!ï=Ð5ô Ó@ô@úûü¡ýBþBþvð·Ô·îGÚ¾ÙBàÙÓëÍGÙBÛ5ôKðñ·ñZ^óeã·ÚÓëÖ·ÓMËŁËvã·Ë2öÌÚæãBÍ¶Ù4ÍÏÐØËv×












àÙ4Í¶ÙÑ¾ä !OÓÚ}å Úæã·Ý ÍÏÎqÓ.ÐÒËqÎqÓMÚæÓMË^ÍŁÛÒÐØÝ¤ÐÒÍ¶Ù4ÍÏÐØãBËqÑ~ãBåÍÏÎqÓ.âSã·âqävÛáÙ@Í¾ÐØã·ËqÑàqÐáÙ@×·Ëqã·ÑVÍÏÐØßÑMô>)Rã·ÚæÓ
ÑæâdÓßMÐÒêqßÙBÛÒÛÒè.ã·â2ÍÏÐØßMÙBÛeçqÚ¾ã·ÙBàqçÙBËvà[ßMãBÛØã·ÚæÑùßMÙBËqËqã@ÍçSÓnäqÑæÓMà[Í¾ãÞàvÐØÑæÍ¾ÐØËq×BäqÐØÑæÎFÍ¾ÎqÓnÓp!OÓßÍÏÑkãBå
ÙB×BÓRÙ@ËqàÉÝ¤ÓÍÏÙBÛØÛÒÐØßMÐ÷ÍÌèã·Ë(ÙBËÉÐÒËÍ¾ÓM×·Ú¾Ù@ÍÏÓà¡ÑæÍÏÓÛØÛØÙBÚŁâdãBâqäqÛáÙ4ÍÏÐØãBË ïP  ã·ÚæÍ¾ÎqÓè¡ÓëÍWÙ@Ûbôð½ñBñBòóëÔ




ãBåﬂ2âqÐÒËqÚÏÙBà ïtð½ñZvð7ó ÔÙBËqà.å ã·ÛÒÛØã½Õ|ÓMàÛáÙ@Í¾ÓMÚã·ËFç^èY-iR ügãBËqËqÓMÛÒÛwïVð½ñ·ýZ^ó|Õ!Îqã¤ÑæÍ¾äqàvèFÙBçqÑæã·Ú¾âKö
Í¾ÐØã·Ë¡å ÓÙ@Í¾äqÚ¾ÓÑï Ðbô ÓBô)R×
bÔúÙHî¶óŁÐØË¡ÍÏÎqÓßMÓË^ÍÏÚÏÙ@ÛkÚæÓM×·ÐÒã·ËqÑ}ãBåÓÛØÛÒÐØâvÍ¾ÐØßÙ@Û|×^Ù@ÛáÙ4é2ÐØÓÑMô(õÎqÓ
å ã·ÛÒÛØã½Õ!ÐØËv×ŁàqÓMßMÙBàqÓQÑÏÙÕ ÍÏÎqÓQÙBâSã·×·ÓÓ~ãBå0âSã·âqäqÛØÙ@ÍÏÐÒã·Ë.ÑæÍ¾äqàqÐÒÓMÑMÔÍ¾ÎÙBËqÜÑkÍ¾ã¤Í¾ÎqÓ~àqÐØÑæßMã½Ö·ÓÚ¾ÐÒÓMÑ
ÛÒÐØÜBÓÞÙRßã·Ú¾ÚæÓMÛØÙ@ÍÏÐÒã·Ë çSÓÍÌÕ|ÓMÓËÍÏÎqÓ¨)R×`ÐÒËqàqÓ é ÙBËqàÍ¾ÎqÓWßÓMË^ÍÏÚ¾ÙBÛwÖBÓMÛÒã2ßÐÒÍÌèàqÐÒÑ¾âSÓMÚ¾ÑæÐØã·Ë ãBå
ÓÛØÛØÐÒâvÍÏÐÒßÙBÛI×·ÙBÛáÙ4é2ÐÒÓMÑŁï õ]ÓÚ¾ÛÒÓÖKÐØß¶ÎÓëÍ~ÙBÛbôeð½ñVvð7óëÔdã·ÚkÍ¾ÎqÓ`àqÓëêËqÐ÷ÍÏÐØãBËãBåGÍÏÎvÓBÔXÑVÍÏÐØÛÒÛ]Ëvã7ÕgÙBàÙèKÑ






ÛÒãBÍQð½ñ·ñ·þ	ð  ã·ÚæÍ¾ÎqÓèFÓëÍZÙBÛ5ôIð½ñ·ñBòð  ÓMÐÒÑ¾ÑMÔdî]ÓÛØÓëÍÏÐØÓÚí )[Ù4Í¾ÍÏÓäqßMßÐ|ðñ·ñW ðwÙØàqÓMÜÐØÑkÓÍÙBÛbô
ð½ñBñZ^óëôﬃkã½Õ|ÓÖ·ÓÚQÍ¾ÎqÓ}ÛØÐÒçqÚÏÙBÚæÐØÓÑkãBå|ÑæÍ¾ÓMÛÒÛáÙBÚÑæâdÓßÍ¾ÚÏÙ.äqÑ¾Óà ÐÒËÍÏÎqã·ÑæÓŁÝÞãKàqÓÛØÑÑæä	!OÓÚZå Ú¾ã·Ý
ËÙ@Ú¾Ú¾ã½Õ Ñ¾âSÓMßëÍÏÚÏÙ@ÛßMã½Ö·ÓÚÏÙB×·Ó@Ô|ÛÒÐØÝ¤ÐÒÍ¾ÓMàÚæÓMÑæã·ÛØävÍ¾ÐØã·ËOÔGÛØÐØÝ¤ÐÒÍÏÙ@ÍÏÐÒã·ËqÑZÐÒËÍÏÎqÓ.Ú¾ÙBËq×·Ó.ãBåùÑVÍÏÓMÛÒÛáÙBÚ















ß^ß ð	wÙØàqÓMÜÐÒÑùÓëÍkÙBÛbô ßT·þ^ó ô
õÎqÓRêÚ¾ÑVÍ%ÑæÍ¾äqàqÐÒÓMÑWãBËÉÑæÍ¾ÓMÛÒÛáÙBÚ}âSã·âqäqÛØÙ@ÍÏÐÒã·ËqÑŁÕgÓÚ¾ÓâSÓMÚVå ã·Ú¾Ý¤ÓMà(ã·ËÉÓMÙBÚ¾Û÷è^ö ÍÌèKâdÓR×^ÙBÛØÙ4é2ÐØÓMÑ


































ã·Ë(ÍÏÎqÓÝ¤ÓÙ@Ñ¾äqÚæÓMÝ¤ÓMË^Í%ãBåQÙ@çqÑ¾ã·ÚæâvÍÏÐÒã·ËÉÛÒÐØËqÓÑÞÍ¾ÚÏÙBàqÐ÷ÍÏÐÒã·ËÙBÛÒÛÒè äqÑ¾Óà+ÐØË;ÐÒËqàqÓëéö ÐØËqàqÓ é(àqÐáÙ4ö
×·Ú¾ÙBÝ¤ÑwÍ¾ã`àqÐØÑæÓMË^Í¶Ù@Ëq×·ÛØÓùÍÏÎqÓÙB×·Óeï@ÝÞÓëÍ¶ÙBÛÒÛØÐÒßMÐÒÍÌèàqÓ×·ÓMËqÓÚÏÙBßëèï Ðbô ÓBôgñÖKÑL³7)R×/ò2ó øÓW·ß·ýô~Ô









































































Ý¤ÓÙBÑæäqÚ¾Óà.å Ú¾ã·Ý ÍÏÎqÓZß2ðßMÝ ÛØÐÒËqÓBôùã½ÕgÓëÖ·ÓMÚ!Ð÷ÍçSÓMßMãBÝÞÓÑÐØËqßÚ¾ÓMÙBÑ¾ÐÒËq×·ÛÒè¤Ý¤ã·Ú¾ÓkàqÐÞñ¤ßäqÛÒÍÙBÑ
Õ|ÓÞÝ¤ã½Ö·ÓŁÍÏãÓMÙBÚ¾Û÷èöbÍÌèKâdÓŁ×^Ù@ÛáÙ4é2ÐØÓÑ}ï#GÑQÙBËqàhﬂ	BÑÏóÙBÑZÍÏÎqÓÐØÚZ×^Ù@ÑZßMã·Ë^ÍÏÓË^ÍnÐÒÑZÑ¾ßÙ@Ú¾ßMÓ@ÔÙBËqà
Õ!Ð÷ÍÏÎFÚ¾ãBÍÏÙ@ÍÏÐÒã·ËWÖ·ÓÛØãKßMÐ÷ÍÏÐØÓÑÝ`äqß¶ÎFÝÞãBÚ¾ÓZßMãBÝÞâqÛÒÐØßMÙ@ÍÏÓà%ÍÏã}àqÓÍ¾ÓMÚæÝÞÐÒËqÓBô











ÑæâqÎqÓMÚæã·ÐØàÙ@Ú¾ã·äqËvà%Õ!ÎqÐØß¶ÎFÙ`ËqÓëÕ Í¾ÎqÐØË%àvÐØÑ¾Ü¤å ã·Ú¾Ý¤Ñ|å Úæã·ÝÑ¾äqÚæÚ¾ã·äqËvà2ö
ÐÒËq×W×^Ù@ÑŁï=Ó@ô ×vô½6~ÙBä	!dÝWÙ@ËqËXÔOû~äqÐÒàqÓMÚæàqã·ËqÐí­ #ÎqÐ÷ÍÏÓWðñ·ñBòó ôkÊÌË[Í¾ÎqÓ`ÑæÓMßMãBËqàÑ¾ßÓMËÙBÚæÐØãqÔOÙ
çÙ@ÚMÔå ã·Ú¾Ý¤ÓMàFå Ú¾ã·Ý ÐØËqÑVÍ¶ÙBçqÐÒÛØÐ÷ÍÏÐØÓÑãBåàvèKËÙBÝ¤ÐØßÙ@ÛØÛÒèWßMã·ÛÒàRàvÐØÑ¾ÜÑÔdÑVÍ¶ÙBÚVÍÏÑùçqäqß¶ÜÛØÐÒËq×ÞÍ¾ÎqÚ¾ã·äv×·Î
ÖBÓMÚæÍ¾ÐØßMÙBÛ0ã·ÚæçqÐÒÍÏÙBÛeÚ¾ÓMÑæã·ËÙBËvßMÓMÑô0)[Ù4ÍÏÓMÚæÐáÙBÛÐØÑkå äqÓMÛÒÛØÓMàRÍÏã½ÕÙ@Ú¾àqÑÍ¾ÎqÓ`ßMÓË^ÍÏÚ¾ÓŁã@åwÍ¾ÎqÓ`×^Ù@ÛáÙ4éKè·ô
ìgävÛØ×·ÓÑ:ÙBÚ¾ÓgÍ¾ÎqÓMËŁå ã·ÚæÝÞÓà`å Ú¾ã·Ý ÍÏÎvÓgÖ@ÙBËqÐØÑæÎqÐØËv×ZçÙBÚ0àqävÓÍÏã~ÙÝÞÙBÑ¾Ñ0ßã·ËqßÓMË^ÍÏÚ¾Ù@ÍÏÐÒã·ËŁÐØË`Í¾ÎqÓ
ßÓMË^ÍÏÚæÓ¤ã@åwÍ¾ÎqÓŁ×^ÙBÛØÙ4éKè·ÔdÐØËqÐ÷ÍÏÐáÙ@ÛØÛÒèWÍ¶ÙBÜÐØËv×.ÙBËÍÏÚæÐáÙ4é2ÐáÙ@ÛÑæÎÙBâSÓ}ÙBËqàÛáÙ4ÍÏÓMÚkã·ËÙ%Ñ¾âvÎqÓMÚæã·ÐØàÙ@Û
ã·ËvÓWï=î0å ÓMËqËqÐÒ×·ÓMÚùí úkã·ÚæÝWÙBËð½ñBñ	ðqî0å ÓËqËqÐØ×BÓMÚ~ð½ñ·ñ·þ·óëô
ÊÌË¡Ú¾ÓßMÓËÍŁèBÓÙBÚæÑMÔwÑ¾ÐÒ×·ËqÐÒêqßÙBË^ÍŁâqÚæã·×·ÚæÓMÑ¾ÑŁÎqÙBÑ`çSÓMÓMË¡ÝÞÙBàqÓWÍ¾ã½ÕÙBÚæàqÑŁäqËqàvÓMÚ¾ÑVÍ¶ÙBËvàqÐØËq×Í¾ÎqÓ
å ã·ÚæÝWÙ4ÍÏÐØãBËŁãBåXçqävÛØ×·ÓÑMô0Ê ÍwÐØÑ:Ëqã½Õ(ÍÏÎqã·äv×·Î^Í|Í¾ÎÙ@ÍwçqäqÛÒ×·ÓMÑ:ãBåOÓÙBÚæÛÒè^ö ÍÌèKâSÓùÑæâqÐØÚ¾ÙBÛØÑ0å ãBÚ¾Ý êÚæÑæÍMÔ




ßã·ËqßMÛÒäqÑ¾ÐÒã·ËAÍÏÎÙ4Í`ÍÏÎqãBÑ¾ÓçqäqÛÒ×·ÓMÑŁÙ@Ú¾ÓÙBÛÒÑ¾ãã·ÛÒàXô õÎvÓFÛØÙ@ÍÏÓÑæÍŁÚæÓMÑæäqÛÒÍ¾Ñ`å Ú¾ã·Ý ÍÏÎqÓÐØÚ`ÑVÍÏÓMÛÒÛáÙBÚ
âSã·âqäqÛØÙ@ÍÏÐÒã·ËqÑÞßMã·ËvêqÚ¾Ý Ñ¾ã ï5îÓMÛÒÓÍÏÐÒÓMÚ%ÓëÍÙBÛ5ôkð½ñBñ·ñ·Ù	ðgüÙBÚ¾ãBÛØÛØã ÓÍÙ@Ûbôgßvð7ó ô õÎqÓÚ¾Óå ãBÚ¾Ó
Ù[Ý¤ã·ËqãBÛØÐÒÍ¾ÎqÐØß öÌÛÒÐØÜBÓnßMã·ÛÒÛáÙBâqÑæÓï#:×B×·ÓMËXÔµIèKËqàvÓMË2öÌìgÓMÛÒÛí ﬂvÙBËqàqÙB×·Óð½ñZ^ß·óZã·Ú`Ù[ÑæÓCïäqÓËqßMÓ
ãBå]ÎqÐÒÓMÚÏÙ@Ú¾ß¶ÎqÐÒßÙBÛXÝ¤ÓMÚæ×·ÓMÚæÑï6~ÙBä	!dÝWÙ@ËqËXÔûZäqÐÒàqÓMÚæàqã·ËqÐIí^ #ÎqÐÒÍ¾ÓŁð½ñ·ñBò^óëÔqÚæÓMÑ¾ävÛÒÍÏÐÒËq×ŁÐØË.Í¾ÎqÓ





















ÚæÓMàqÑæÎqÐÒå Í¾ÓMà¡×^ÙBÛØÙ4éKè ÐÒËqßMÚæÓÙBÑæÓMÑŁã·ävÚ`Ñ¾âÙ4ÍÏÐáÙ@ÛgÚ¾ÓÑ¾ã·ÛÒävÍÏÐÒã·ËÐÒÑnÚ¾ÓàqäqßÓMà(ÙBËqàÍÏÎvÓMÚ¾Óëå ã·Ú¾Ó.Ð÷Í`ÐÒÑ
Ý`ävß¶ÎDÝ¤ã·ÚæÓ`ßMã·Ý¤âqÛÒÐØßÙ4ÍÏÓMàRÍÏã.àqÐÒÑæÍÏÐÒËq×·äqÐÒÑ¾ÎçSÓÍÌÕ|ÓMÓËÑVÍÏÚ¾ävßÍÏävÚÏÙBÛ0ßã·Ý¤âdã·ËvÓMË^ÍÏÑ¤ï Ðbô ÓBôOàvÐØÑ¾Ü
ÙBËvàçqäqÛØ×BÓ½óùÐÒËÙW×^Ù@ÛáÙ4éKè·ôﬂ2äqß¶ÎÐØàvÓMË^ÍÏÐ÷êßÙ@Í¾ÐØã·ËRâqÚ¾ãBçqÛØÓÝçSÓMßã·Ý¤ÓMÑÓëÖ·ÓMËÝ¤ã·Ú¾ÓÓÖKÐØàvÓMË^Í
Õ!ÎqÓË;ã·ËqÓFàqÐÒÑ¾ßMã½ÖBÓMÚ¾ÐÒÓMÑ¤ÍÏÎÙ@ÍùäqçqçqÛÒÓR ÑR ÍÏäqËqÐÒËq×å ã·Ú¾Ü_RGßMÛØÙBÑ¾ÑæÐÒêßMÙ@ÍÏÐÒã·Ë±çqÚ¾ÓMÙBÜÑÞàqã½Õ!Ë+Ù4Í
ÚæÓMàqÑæÎqÐÒå Í¾ÑnçSÓè·ãBËqàÂØ)ô$vôXWï ÖBÙ@ËàqÓMËìgÓMÚæ×·Î¡ß·ß·óZÙBËqàÍ¾ÎÙ@Íã·ËqÛÒèçvÐØ×[ÑæâqÐØÚ¾ÙBÛ:×^ÙBÛØÙ4é2ÐØÓMÑ






âqÚæÓMÑæÓMË^ÍÔIÑVÍÏäqàqÐÒÓMÑÙ@ÍÎqÐÒ×·Î[ÚæÓMàqÑæÎqÐÒå Í`ïØeâ}ð½ókÑ¾Îqã½Õ ÍÏÎqÙ@ÍkÍ¾ÎqÓå Ú¾ÙBßÍ¾ÐØã·ËRãBå:çÙBÚæÚ¾Óà×^ÙBÛØÙ4é2ÐØÓMÑ










ÃÄ ÅÇÆ%È Ë%ÈÈ É ÐÎ5Ë¨ÍµÈ×ÑiÖÙÌ¡È ÖÉ hÈÍﬀÎﬁ(Î
ﬂ
õÎqÓkêÚ¾ÑVÍgÊtøµ2ùÑÙBâvâdÓMÙBÚ¾Óà%ÐØËFð½ñV2ô0õÎqÓkêqÚ¾ÑæÍgßMã·ËvßMÓMâ2ÍgÕgÙBÑgÍÏÎvÓkäqÑæÓãBåeÙ@Ë%ÙBÚæÚÏÙè}ãBåIã·âKö
Í¾ÐØßÙ@Û êqçdÓÚ¾ÑgÍ¾ãÍÏÚ¾ÙBËqÑVå ã·Ú¾ÝÍÏÎvÓçqÐÒàqÐØÝ¤ÓMËqÑæÐØã·ËqÙBÛvêÓÛØà%ÐÒËÍ¾ãnÙâqÑ¾Óäqàqã@ö Ñ¾ÛØÐ÷ÍÙ4Í|Í¾ÎqÓÓËÍ¾ÚÏÙBËvßMÓ
ß2ð
















































ÃÄã äýÌo  ÎÐ ÍµÆ"Ìo ÍµÆ%ÈµÌo
õÎqÐÒÑÍÏÎvÓMÑ¾ÐÒÑZÐØÑkçdã·ÚæËÕ!ÐÒÍ¾Î[ÍÏÎqÓnÐØàqÓMÙWãBåwâqÚ¾ã½ÖKÐØàvÐØËq×%Ý¤ã·ÚæÓnßMÛÒäqÓMÑkÍÏã.äqËqàvÓMÚ¾ÑVÍ¶ÙBËvàÍ¾ÎqÓ`ËÙ7ö
































ï ÓBô ×qôWîÓMÛÒÓÍÏÐÒÓMÚ|ÓÍÙ@Ûbô ð½ñ·ñ·ñBÙ^óGÍ¾ÎÙ@Í|êËqàWÍ¾ÎÙ@ÍÓMÙBÚ¾Û÷è^ö ÍÌèKâdÓkçqäqÛÒ×·ÓMÑgÙBÚ¾Ókã·ÛØàXô-ZËÞÍÏÎqÓkãBÍÏÎqÓÚ
ÎÙ@Ëqà¡ÛØÐØËvÓëöÌÑVÍÏÚæÓMËq×BÍ¾ÎAÑæÍ¾äqàqÐØÓÑŁãBåùçqäqÛÒ×·ÓMÑ}ÙBÚæÓ.Ñ¾ßMÙBÚ¾ßÓ.ÐØËÍÏÎvÓ.ÛØÐÒÍ¾ÓMÚ¾Ù@ÍÏäqÚæÓ%ÙBËvà(ÙàqÓëÍ¶ÙBÐÒÛØÓà
ÛÒÐØËqÓ öÌÑæÍ¾Ú¾ÓËq×BÍÏÎ%ÙBËÙBÛ÷è2ÑæÐØÑÝÞÙè¤âqÚ¾ã½ÖKÐØàqÓZÐÒËvå ã·ÚæÝWÙ@Í¾ÐØã·Ë}ãBåeÍ¾ÎqÓZÙBçqävËqàÙBËqßÓZÚÏÙ@Í¾ÐØã·Ñ|ÐØË%çväqÛØ×·ÓÑ
ÙBËvàR×·Ð÷Ö·Ó~ÐØË2å ã·Ú¾ÝÞÙ@ÍÏÐÒã·Ë%Ù@çdã·ä2Í!ÑæÍ¶Ù@ÚVö å ãBÚ¾ÝÞÙ@ÍÏÐÒã·ËWÍÏÐÒÝÞÓÑ¾ßÙ@ÛØÓMÑô
õÎqÓQå ã·ÛØÛÒã½Õ!ÐØËq×`ÑæÓMßëÍÏÐØãBË[Ñ¾ävÝÞÝÞÙBÚ¾ÐÒÑ¾ÓÑÕ!ÐÒÍÏÎFÝ¤ã·Ú¾Ó~àqÓëÍ¶ÙBÐÒÛOÍÏÎqÓQÚ¾ÓÑ¾äqÛ÷ÍÏÑùßMã·Ë^ÍÏÙBÐØËqÓàRÐÒËRÓMÙBß¶Î
ß¶ÎÙ@âvÍÏÓÚMô

































































































à á âäã åæèç é
ê¶ë ìíç âSî êï ðñê¶ë æóò âôåÇêõöï ìø÷ ùôú






























































































































KõYôOYõFõYø ù4ø ﬃfj½ñ·ñÐðWYõFøDôO Dù7ù+Xò7õFó\YõYþEõ^÷&óEõYþ]ﬂ4õ!­KõYôOYõFõYøg"! U²M
ñ




ð¦·fÞA  WÕ ßU ! kj jÀýKõFþ9Wúlû ý&òXõ!<ù4ø
ôNñ&õGÄ] UUÄÅ$þEùcôNò"øJý&þE÷ﬃﬂJòT&ò"ø§ùvóEýKõFöMôNþNù










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































KG@HKh=R ä×  =¸B]9 xEÙ ¾­×Ü =¸B9 xEÙ 4¢ 4£
8>Î ægê èlè ægê èlè ægê èlè ægê èlè




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































à á âäã åæèç à
á â ãoä·åçæ èêé ëíì å î â é ï ð4ñ åòéêëZðóã ô ãÀð4é å



































































































































































v    ﬁOﬃ
(Lp4



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ﬁ  '7Vﬂﬁ'  hc
p4































ﬁx&  &l 

































































































































 ﬁﬀ)'  v































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































'  v w ﬃy









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































)  '( 
























































































































































 \6&(ﬃQV  &&

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































mc  X  ﬃ 










































































































































































  )  
W
ys
























X  ﬁ#+  AVMﬁ 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































r &  
p















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 r  






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































$# '(+(  &l  ﬁ'   $











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































' r )l 
pt



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































  v}Æﬃ $
m
 &K  ﬁO'  /*Pﬁ
*














 r ' $
*%



































)  )  ( w v  
¼






r &  






















































r &  

   $ ﬁOﬃ









Þ  MﬁOﬃy  sTÃ
À















r &  ;ﬁ
Tn







































































)  )  (  P $ ﬁOﬂ+¥ﬁ
*
 r  


















  /$$ '  ﬁO r  


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































&K $ ﬃ y (
fp4


































































































































































































































































































































































































































































































































































































































































































































































































































































P01 (OIII ≥ 1)





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 r  







































 ﬁﬁ ur +(









































































































































 w ﬁuﬁO  & 



















































































































































































































































































































































































































































































































































































































































































































































































































r ﬂﬁ  ﬃ $ ﬃ ﬁ\(    ﬁOﬃ
"






































































" y ﬃ&ﬁOﬃ $#


· ¸ ¹»º ¼0½¦¾ ¿
À
¸ ½ Á ½¦¹Â¾ÄÃ7ÅÇÆ · ¹ ÈÈ Ã É ¾½ÊË¹t¼_ÌNÍoÁ ÌÁ





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































· ¸ ¹»º ¼0½¦¾ ;
À
¸ ½ Ó ÍÑ¾=< ¹t¼_ÌNÍoÁ ÍÑÓ >@? ÐJ¹ÖÊË¹t× ÌN½ÒBA ¼_¸ ½
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Ã 1· 1·¸ 1Ã át hÑt át Ñ ¶hºt áÃ¸
Ł¤ð¸¤ ¸¬t¶t¸







%¶· 1 át hÑt át Ñ

Ñ¬· Ñ¬¤






















¸ ¬ ÛhÑ÷hÑ¸ ŁÑíÑt¸ Ãá¬ Ñ¸¤
Ñ·Ã ¸¬t¶Ã Ã %¶

¶ ÛhÑ÷hÑt·IŁÑ¤¿Ñ· ¶háÃtÃ Ñ¸

ð¶¸ ¸¬t¶¤ 1 %¶

%¸ á¸ hÑ¬ ŁÑt¸ûÑt¬ ¶há

á·¶
tð¸¸ ¸¬Ãt Ã %¬ Ã á hÑt· átÃ Ñ· ¶hát á·¶
¸hð¬ ¸¬t¶t¬ ¬ ¤)¶ Ã Ûhj1íhÑt·IŁÑt¬ûÑ¤ ÃÑ¬t¶ á·¶
¤ﬁð¸¸ ¸¬t¶







ì î ¾dß Ù ¾Ù [ﬁÜ ¾[ﬁÜ [Ý ¾[Ý µ^ZÖ ¾5µ^ZÖ
|¶hátÃ>

t· %¸ 1·¤ ¤ hÑt át¿át¿át ¬háÃt áÃt·
Ł¤ﬁÑ¶t¬Ä






¶t¸ Ã t¤ ¤ Ûá¬ûá¤ Ñ¸Ã¿á¬ ¶há·t á·¶
CtÑ¶·>








¤ ¬ %¸ Ã hÑ¬ át·¿áá¤ ÃÑ¶ Ñ¸
Ûá·tÃ>

Ã¸ · %¸t¬ ¤ hÑ¬ á¸íáát· ÃÒ¤ á·¬
Ûát>

Ã¸ ¤ 1·¸ ¤ Ûá¸ûá¸íá¸íát· Ãá á·¤
hð¬h 



















Ã¸ 1 ¤Ã t hÑt át¿át¿át Ãº%¶ áÃ¸
Ã¸
Z^ﬁwb]æá·à{_j\





















¬Ã Ã %¬t¬ ¶ º1 hÑt·IŁÑt¸ûÑ¤ ÃáÃ¬ á·t·
Ûhð¶t¸>




































·t ¶ 1Ã¬ ¶ ÛhÑ¸ûhÑt· átÃ Ñ¤ ÃÑ¶ á·tÃ
¤ﬁð¬ 





¤· t 1t· 1· át hÑt át Ñ ¤ﬁáÃ áÃ¬
Z^ﬁwb]æÒ¤ﬁà{_\






¶ 1· 1¶ 1Ã át hÑt át Ñ ¶h
ﬀ
áÃt·
Û·hÑ·¤ý1¶·t  t1 t át hÑt át Ñ ¤ﬁáÃt áÃ
Cð¶¤ý1¶¤ ¶ %¸h

át hÑt át Ñ ¶hÑ¶ áÃt
Cð¸·R1¶·






 ¤ ÛhÑ¶ûhÑt· á¬ Ñ¤ ¶hÒ¤· á·t·
tÑÃt¶ 1¶Ãt Ã t%¸ 1 á hÑ¬ Łj÷Ñt¶ ÃÑ¶ á·





/ë  ðì î ¾dß Ù ¾Ù [ﬁÜ ¾°[Ü [Ý ¾[Ý µ^Z Ö ¾dµ^Z Ö
Ł¤j%¸>ÃtÃ¬ ¬ ¬t¬

át hÑt át Ñ ¶hÑ¬t¶ áÃt
|¸á¤

ÃtÃ¬ ¬ ¶¤ Ã át hÑt át Ñ Ãá¤ áÃt
Cð¬RÃtÃt ¬ t· ¶ º1 hÑ¬ á Ñt¬ ¶há¤ á·

Ûhð¬RÃtÃt ¬ tt ¶ át· hÑ¤ûŁÑíÑÃ Ãá á·t
Ñ ÃtÃ · ¶ ¤ á¸ hÑt·IŁÑt¸ûÑ¤ ¶hÑ¬t¸ á·tÃ
ð¬ Ã¶¤ Ã  ¶ ÛhÑ¬ûhÑ¬ á¤ ÑÃ ¶hÒ¤ á·¸
tÑÃ¤ ÃtÃ¶ ¬

 Ã ÛhÑ÷hÑ¬ átÃ Ñt¬ ¶há·¸ á·¶
¸hj1¸ ÃtÃ¬ ¬

¶ ¶ át hÑt át Ñ ÃáÃ¬ Ñ¬t¬




ì î ¾dß Ù ¾Ù [ﬁÜ ¾°[Ü [Ý ¾[Ý µ^ZÖë¾dµ^ZÖ
Û·h

¸í¸¸ Ã ¶Ã  át hÑt át Ñ ÃáÃtÃ áÃ¸
Cá¤·¿¸·t Ã t1  ÛhÑtÃíhÑ¬ ŁÑÃíÑÃ ÃÑ¸¤ á·¶
ÛhÑt¿¸¸tÃ · 1t ¤ ÛhÑt·íhÑt· átÃ Ñ· ¶hát á·¬
tð¬¶ ¸¸

 Ã ¶ Ã º1 hÑ¶ át ÑÃ ¶há¬ á·¶
Ã¤
Z^ﬁwb]æÑ¶hà{Ł\\
/ë  ðì î ¾dß Ù ¾Ù [ﬁÜ ¾°[Ü [Ý ¾[Ý µ^Z Ö ¾dµ^Z Ö





Ã¿¸%¶·  1·¶ 1 át hÑt át Ñ ÃÑ¬t¶ áÃ¸
Ł¤j1¿¸1¬

¤· 1 át hÑt át Ñ ¶hÑ¬h Ñ¬
Û·hÑ¤ ¸¸¸ ¬ 1·

¬ ÛhÑ¤¿hÑt· ºt Ñ¤ Ã

¶ á·¶
CÑ·¶í¸¸h%¸ ¬ %¬h ¤ Ûhj1íhÑt· º1 Ñ· ¶h

 á·t·




Ñ ¸¸t ¬ %¬

¬ ÛhÑ¤¿hÑ¸ á¸ Ñ· ÃÒ¤t¤ á·tÃ





















1t 1 át hÑt át Ñ ¬hÑ¶ áÃ¸
Ãð¸ ¸¸t  %¸t¬ t át hÑt át Ñ ¬hÑ¶Ã áÃt·
ð¸ ¸¸h







ì î ¾dß Ù ¾Ù [ﬁÜ ¾°[Ü [Ý ¾[Ý µ^ZÖë¾dµ^ZÖ
|¬ÑtÃ¿¸¸

¬ ¶h ¶ át hÑt át Ñ Ãát áÃ¸
Ł¤Ñ·t·¿¸¸ht ¬

¬ ¬ á¸ hÑ¬ º¤ Ñt¬ ¶há·tÃ á·¶
C






á hÑt·IŁÑíÑ¤ ¶há·t· á·¤
ÛhÑ¸1 · 1Ãt· ¤ ÛhÑ¤¿hÑ¸ ŁÑÃíÑt¸ ¶hát· Ñ¸¤
tÑh ¸¸t ¬ ¤)¶ Ã ÛhÑ¤¿hÑt· á¸ Ñ· ¶hÑ¬Ã á·¤
¸hÑÃÃ ¸1

¬ t1 ¬ ÛhÑ¤¿hÑt· átÃ Ñ¤ ÃÑ¬ á·¶









át hÑt át Ñ ÃÑ¸¤ áÃ¸
Ã¬
Z^ﬁwb]æáà{jﬀ
/ë Ñì î ¾dß Ù ¾Ù [ﬁÜ ¾[ﬁÜ [Ý ¾[Ý µ^Z Ö ¾5µ^Z Ö
ÛÃáÃt·>%¶·
 
¸ 1 hÑt át¿át¿át ¶hát· áÃ¸
Ł¤ﬁÒ¤t¤R%¶¸· ¶ 1¤






· ¬ Ûá÷á¤ Ñ¸t¬íá¤ ¶há·t á·¶





%¶1 ¤ 1¸ ¤ Ûá¸ûát·¿º%¶íát· Ã

Ã á·t·





¶ %¶%¶ ¬ %¸t¬ Ã hÑ¸ át·¿á¸íá¤ ¶há·t á·tÃ





¬ ¶t¸ ¶ hÑt át¿át¿át ¶háÃ¸ Ñ¬








ì î ¾dß Ù ¾Ù [ﬁÜ ¾°[Ü [Ý ¾[Ý µ^ZÖ ¾5µ^ZÖ
C1·hÑÃtÃÄ1Ãtt %¬ 1Ã %¶ át hÑt át át ¬hÒ¤ áÃ¸
Ctð¬t¸ %¶t· t 1Ã¤ 1· á¸ hÑ¬Łá÷átÃ ¬háÃ á·

ÛÃhj¤ %¶h1  ¸t¸· 1 ŁÑh hÑt· Łá¸ûá¤ ÃÒ¤· á·¶
Û·hÑ·¸ %¶h1· ¶ ¸h%¬ ¶ ŁÑ· hÑt· á¬ át· ÃÑ¬· á·¬




á hÑt· á¤ át· ÃÑ¶ á·¶
Ûh

 %¶h1· ¬ 1Ã ¬ ŁÑt¬¿hÑt· á¤ át· ¶há¤ á·¶




tÑ· %¶h¤ Ã 

¸ ¬ át hÑt· º1 át· ¶hº1 á·¸
¸há¤t· 1Ãt ¶ ¸t¸

¶ ŁÑt¸¿hÑ¸ átÃ át· ÃÑ¶¤ á·tÃ
Ãj %¶·t· %¸ ¸¸ ¤ ŁÑÃ hÑ¬Łát·íá¬ ¬hº%¬ á·t
¶hjl¤ %¶h¤ 










/ë  ðì î ¾dß Ù ¾Ù [ﬁÜ ¾°[Ü [Ý ¾[Ý µ^Z Ö ¾5µ^Z Ö
C¤ÑÃ¸ 1·¬









át· hÑ¤ átÃ á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